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Introduction
The seminal discovery of quantum spin Hall (QSH) effect (1-6) engendered a new chapter of topological materials research in condensed matter physics and materials science (7, 8) , followed by the discoveries of three-dimensional (3D) topological insulator (9-13), quantum anomalous Hall insulator (14, 15) , topological crystalline materials (16) (17) (18) (19) (20) , Weyl semimetals (21) (22) (23) (24) (25) (26) (27) (28) , etc. An interesting generic aspect is the presence of special surface/edge states that are topologically protected upon small perturbations, hence inelastic scattering induced heat dissipation is minimized. In contrast, conventional electronics suffers from severe local heating as any structural or chemical defect could introduce additional scattering and reduce carrier transmission. These topological phases, if materialized and integrated at the device level, could be advantageous for many novel low-power and low-dissipation electronic applications. Along with materials discoveries with individual topological phases, there is an increasing interest to understand topological phase transition, for examples, from nontrivial to trivial topology and from one nontrivial phase to another (7, 8) through chemical doping, elastic strain engineering, electric and magnetic field perturbations, etc.
In parallel, 2D transition metal dichalcogenides (TMDCs) also arouse substantial interest (29) (30) (31) in their distinct properties, for example, extraordinarily enhanced excitonic photoluminescence in monolayer 1H-MoS 2 .(32) Most TMDCs have trivial topology, either metallic or semiconducting with large gap. However, among their polymorphic variants, 1T structure of binary TMDCs such as MoTe 2 and WTe 2 is subject to the Peierls instability, resulting in a dimerized 1T' structure in their monolayers, which surprisingly leads to a variety of novel quantum phenomena such as nontrivial electronic topology (33, 34) and nonsaturating giant magnetoresistance (35) . In particular, their monolayers were predicted to exhibit QSH effect (33) , and the weak vdW coupling between different monolayers makes them suitable to realize multi-functional materials/devices by stacking with other 2D materials (36) , such as topological field transistors (33) . Encouragingly, there are great experimental progresses of nontrivial 2D TMDCs. For example, Peierls-distorted MoTe 2 , though metastable, has been successfully synthesized in experiments, and recently characterized with a fundamental gap of about 60 meV by both optical and electrical measurements (37) (38) (39) . Nonetheless, special encapsulation and assembly are required to prevent them from transforming into the more stable but topologically trivial 1H phase. Meanwhile, there are limited choices within binary TMDCs for the discovery and design of materials with nontrivial topology. Therefore, for the ease of experimental realization and device implementation, it is highly desirable to go beyond the present binary MX 2 materials and explore other possibilities for large gap topological materials that are thermodynamically stable.
Here we report our theoretical predictions of four layered ternary transition metal chalcogenides (TTMC), namely MM'Te 4 with M=(Nb, Ta) and M'=(Ir, Rh), as a new class of topological materials which displays QSH effect with sizable fundamental gaps in their monolayers, become topological Weyl semimetals in their bulk form. Remarkably, the vdW interlayer interaction drives topological phase transition via formation and splitting of Dirac points and the latter results in the emergence of topological Weyl nodes and the smooth transition between Type-I and Type-II Weyl fermions. All four ternary compounds are found to be thermodynamically and dynamically stable, and their interlayer binding energies are slightly weaker than that of graphite, making them promising for experimental synthesis, mechanical exfoliation, vdW heterostructuring, and direct electronic characterization thereafter, thereby providing an ideal materials platform for exploring both novel device applications and fundamentals of topological phase transitions. Such rich topologies and wide possibilities as well as experimental flexibility may empower them as a unique configurable and tunable platform for studying topological phase transition in these ternary vdW layers and developing novel quantum electronics with low power consumption/heat dissipation and quantum computing free of decoherence.
Results
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In conclusion, the present findings extend the topological materials study to a new paradigm with a much larger search and design space. It will open up a variety of unprecedented research opportunities for not only two-dimensional layered materials research (29) (30) (31) , but also the rapidly growing quest for stable topological materials that are easy for experimental synthesis and characterization as well as topological device implementation.
Materials and Methods
Ground-state atomic structures of monolayer 1T' and bulk T d -MM'Te 4 were calculated by first-principles density functional theory (DFT) (45, 46) calculations implemented in the Vienna Ab initio Simulation Package (VASP) with plane wave basis (47) and the projector-augmented wave method (48) . We adopted the Perdew-Berke-Ernzerhof (PBE)'s form (49) 
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